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As previously described (Bagard and del Giorgio 20 16), how·ly wind data for 
the period of sampling from one central location in each region were taken from th 
Environment Canada website (https://weather. gc.ca/canada e.htmJ). and from the 
weather station of the Université de Montréal Biological research station 
(http ://www.sbl.umontreal.ca/terr itoire-cartes/meteorologie/index.html) fo r the 
Lauren tians region (Fig. 2.1 a). Individual catchment characteristi cs and regional 
long-term climatic conditions were estimated and described by LapierTe et al. (201 5). 
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Figure 2.1. Landscape-level shifts in lake ecosystem metabolism throughout 
north-eastern Canada. 
Map of sampled lakes in northern Quebec, Canada (a). Boxplots denote GPP (b). R 
(c) , GPP:R (d), and NEP (e), grouped and colored by sampling region, and coarsely 
arranged from south to north. Statistical differences among regions assessed using 
one wav ANOV A and Tukey ' s HSD post hoc tests (results shown in grey text). 
2.3. Lak tri 
ak m rph rn tr lum m an nd m imum d pth Zmean nd 
ti ly w r m d Il and at hm nt t p gr ph 
WR w r 
f annual run ff i .. , 
pr ipit ti n [m r-1] multipli d b at hm nt ar [m2] • 
tin ti n 
d pth t whi h nl 1% f light fr rn th 1 
1 . 
2 . .4 
f pilimn tic wat r fr rn 
r d in th dark at 4 until furth r analy i . 
nitr g n di rgani car n 
indi ati n f th pr 
parti ulat rganic matt r 
K nt K t th n tim t alg 1 
anal full d tai! d in 
nd th uph ti z n 
urfa p n tr t 
d pth Zeu· th 
a 4. 5 1 kct 
h lak w r br ught t th 1 nd 
f t ta 1 P TP t ta 1 
and wat r b rbanc at 44 run an 
rgani matt r D M . W 
Whatman 
ch f th 
1 and 
r lat d pap r b Ra il l. 2 15 and api rr t 1. 2 1 5 . In ali 
7 
upli at ampl lu 
ar 
2. .5 P and flu 
In pr had pr nt d tim 
f Pfirth Jak h r w ti mat d lum tri rat 
f p 
2 = P- F: 2/ Zmi. 2. 1 
Wh r w a urn th d iati n f tur ti n 2 m- at t ad 
with th tm 
hi umpti n h lid t d fi ru at th d il - t multi-d al 
and i rgi ir-w t r flu f 2 
F 2 w r al ul at d fi r ah lak r m ik la diffu i nu ing qu ti n 2 .2: 
F 2 = k 2 x 2 2.2 
wh r F 2 i flu f 2 th air-wat r int rfa rn 2 rn - 2 d- 1 k 2 i th ga 
hang ffi i nt at a gi nt mp ratur d-1 rn . w tim t d k 2 fi r ch lak 
fr m cal ul t d k6 0 a lu În0 Jahn l. 1 7 ln u ti n 2. 
k 2 = k6oo x / 6 -2/ 2.3 
i th t rn hrnidt num r fi r 2 W ink f 1 2 . 
nt V h n 1 Pr iri 2 1 a 
fun ti n f 111 n 2.4: 
k6 2.5 1 + 1.5 x + x 1 x l 10 2.4 
0 1 ti rn t d in ind t 1 m h ight rn 
-1 
andL la ar km2 . ind th 
rn mg r g f th p n ar t 
w th r tati n d l f ll th P wa 
tim t d w di a rd d 5 tr m utli r > 3 r < - g - d-1 th t wll 2 m r 
nd an r nabl tim t . 
2 .. t bl pl timat PP:R 
m iti n ar r rt d in d lt n t ti n t~ li j ng qu ti n 
2.5· 
R ample f R landard -1 X 1 2.5 
b r R 1d R 1 ndard i th r ti f h avy t light i 16 in 1 k w t r 
am pl R ample an 111 Vi nna n ard m an R landard 
ti l . h i t pi ma ppr 
ph i all y dri n rti 1 r l t r 1 hang f wat r rn 
u h that p d tm ph ri 
t mp r 1 namt 
' a 
1 dt = k 2 x al- 1 Zm;x+ 
1 dt = k 2 x gX al x 1 . 1 
p x 1 . 1 rh x 
wh r i t pi rati 
1 
· l air, and 1 1 h 
uilibrium with th 
In Il a pli ati n 
B ani al. 2 12 . 
p - R x 1 . 1 
tm ph ri 
ti nd 
um th 
h t rm 
n fa t r r 1 t d t kin ti g 
1. 
R a , 
nl pr dri ing 
qu ti n 2. nd 2.7· 
PP - R 2. 
ir x x 1 :16 1 mi + 
x r 2.7 
2 nd H 2 ar umm r iz d 
a l r pr nt 
ign tur f air t 2 .5%o 
.\) nd p ar tb ti 1 t pi 
972· Kn 2 a 
and nth tic 
th fr ti n ti n ffi t during 
im ntar R and 
c n umpti n . U l di LI d m d tai! hapt r I 
ju tifi d th u 
5 an ha n 
1 ul ti n and tb int rpr t ti n 
gard and 
m ta li p tt rn 
1 fr ti n ti n f: t r 
1 i
r th lar al 
n ir nm nt 1 and rn ta li gr i nt in thi d t t ar lik l m n iti t mail 
111 ur tn thi t rm. A li ti mat ann t 
dir ti and ti D ut ugg t th t 
al affi ur ulati ln rat f 
rn tab li m h b n h wn gr tl rat f ti 
n umpti nin urfa mt d la f n rth rn 1 ranï i t al. 1 . J n n t 
1. 2 
timati n f PP :R fi 11 w d ua umm t ad tat 
nditi n fi r alu f 1. . n t rn tab nth D p 1 
b lan db f ir-w t r g flu c mbining quati n 
2. and 2.7 and r arran in lu f PP:R quati n 2. · 
pp : R = 1 :1 H2 x P x a _ 1 :16 p g 2. 
wh r 1 :16 ummariz th n t flu f 2 a r th air-wat r int rfac qu ti n g 
2. 
1 :16 Ua X 1 :16 ir x as - 18:16 x 1 1 1- D I D 2.9 g 
"' 
sat {/ ( 
hi ppr a h and th ali dit fa umpti n ha 
and h wn t h Id in ur arli r w rk B g rd and d 1 rgi 2 1 ). 
f PP and R r h lak fi Il ing B aru 
al. 2 12 2 15 by inc rp rating tim F 2 quati n 2.2 t 2.4 int 
u ti n 2. and 2.7 and th n r arran ing an l ing :b r PP nd R indi idu Il . 
hi ppr hal um n n t hang in r 1 
t rnulti-d n urnpti n th t i uitabl :b r 
lig - t rn B 1. manu ript und r r W 
d :b r PP and Ru ing qu ti n 2 .1 and 2.11 · 
PP = k 2 1 Zmi x [ x b - at x a- ] 1 d- 2. 1 
R = k 2 1 Zmi x [ x b-d)- aL x a- ] 1 i- 2. ] 1 
:[i li Wtn m J. 2 12 a = 1 : 1 air x s x g b = 1 : 1 x a ' 
w 1 u f PP R and PP:R nd di ard dan 
tr m r 1mp ibl n gati Ju th t lik 1 ar du t ph i al 
n ga t rnp ratur and lubility B am 
a iat d with ampl ti n and pr n. urth r d p la r rn t b lie 
proc~~ss~!s ma ha infl u n d th t pic mp iti n f urfac D m rn 
wh r li ht p n trati n r atl r d pth but th actual mi in 0 
d pth i diffi ult t hi p t ntiall ur f rr r in 
th i t pi appr ach a d tail d in hapt r 1 · B g rd t al. und r r i w . In m 
thi ffi t w lik ly minimiz d by u ing a Zmi. alu i. . th d pth f 
rn irnal rti l t mp r tur hang that w uld h 1 n rp r t d a larg fr ti n 
f m t l.imn ti m tab li m. urth r w light 
2 
p n tr ti n r tl mix i. . Zm i : Z u < . 5 , nd r rn 5 utli r that 
h d rn t tl din any r 
2 .. 7 t ti ti l m th d 
u tn R 
2 14 . In Il 
d lU 
it ap r hp r 
fn rmality. w u d rn in ti n 
anal 
multipl 
1mp 
m1 pa ag · [Harr 11 2 14] 
b th 
1 k pr di 
n iti n 
t pr di ti rn d 1 r h f PP, R 
r up d m 
v nd uk 
timat . 
Rd pm nt r t m 
n r idual 
tran rm d u ing h r 
r n n 
ari t r 1 ti n hip . w u d 
pr di t r an r lati 
tru tur and 
th 
PP:R, and P. w a d th 
m a ur rn nt u tn n w 
t-h 
W u d a tru tural qu ti n rn d !lin M ppr h an p 
l 2 12 P in a hi rar hi 1 mann r th t 
t and indir f lak rn tab li rn and ali du t 
th r lati tr ngth f indi idual dir t nd in ir t 
p tt rn 
2 1 
th p 
prin ipal rnp 
d in th 
id nti fy wh th r 
umn1ariz t hm nt 
n nt anal p 
nt r d pri 
M. 
th r int r-r gi n 1 
tru tur ri bi in th M w 
[ k an n t al. 
f 
fi atur n t unt d fi r in th 
rn uld ha t k th t p m in d rn d l fi r 
param t r and tr ngth b d n I 
am ng rn 
in lud d ith r r nd rn int r pt rb th rand m int re pt ~nd l 
c d with th inclu i n f th rand 
data n t h wn and w did n pl r th r 1 ti n hi.p furth r. 

2 . 4  
2 . 4 . 1  - l a k e  a n d  i n t e r - r e g i o n a J  p a t t e r n s  i n  l  
l i  s m  
l i s m  r a n g e d  w i d e l v  a c r  
t h  
l a k e s .  b o t h  i n  t e r m s  o f  G P P  
m e d i a n =  3 3 5 .  i n t e r a u a r t i l e  r a n g e =  1 7 2  t o  7 8 8  m g  0
2  
r n · - '  d -
1
:  F i g .  S 2 . 1 )  a n d  R  
2 2  
p o s i t i  
5  r n  
:  p  <  
I l l .  : : s 2 . 1  ) .  A v e r a g e  l a k e  G P P  v a r i e d  a m  
2 . 1  b )  a n d  d e c l i n e d  w e a k l v  w i t h  l a t i t u d  
r r e l a t i o n  w i t h  r e g i o n a l  m e a n  a n n u a l  a i r  t e m p e r a t u r  
n d  
p r o d u c t i v i t y ,  b u t  n o  l i n k  t o  p r e c i p i t a t i o n  ( r  =  0 . 4 2 ,  0 . 4 4 ,  a n d  0 . 1 1 ,  r e s o e c t i  
2 . 1  ) .  O n  t h e  o t h e r  h a n d .  a J t h o u g h  a v e r a g e d  r e g i o n a l  1  
R  d i f f e r e d  a m  
1 :  f i g .  2 . 1  c  ) .  t h e r e  w a s  n o  c l e a r  l a t i t u d i n a l  p a t t e r n .  a n d  
t r i a l  
r a g e  r e g i o n a l  c l i m a t e  a n d  t e r r e s t r i a l  p r o d u c t i v i t y  (  r  =  0 . 3 2  
t v  - v .  
M o s t  l a k e s  w e r e  n e t  h e t e r o t r o p h i c  d u r i n g  t h e  s a m p l i n g  p e r i o d  ( G P P  <  R ) .  b u t  
m a J  
% )  
p i t e  t h e  w i d e  r a n g e  i n  G P P : R  
1 . 0 1 :  F i g .  S 2 . 1  ) .  i t  d i f f e r e d  l e s s  a r n o n g  r  
d  b v  B o g a r d  a n d  d e l  
r g t  
i n t e r q u a r t i l . e  r a n g e =  0 . 6 6  t  
V A :  p  =  V •  i g .  2 . 1 d )  t h a n  
i t h e r  G P P  o r  R .  a n d  g e n e r a l l y  d e c l i n e d  m o v i n g  n o r t h w a r d ,  w i t h  a  c o m p a r a t i  
t r o n g  c o r r e l a t i o n  t o  c r  
n a l  g r a d i e n t s  i n  a i r  t e m p e r a t u r e ,  t o t a l  p r e c i p i t a t i o n  
a n d  t e r r e s  t r i a l  p r o d u c t i v i t y  (  r  =  0 . 5 7  t  
a b l e  2 . 1 ) .  R a t e s  o f N E P  r a n g e d  w i d e l y  
l l l a k e s  ( m e d i a n =  - 2 0 2 ,  i n t e r q u a r t i l e  r a n g e =  - 5 1 2  t o  2 5  m g  0
2  
m · - '  d -
1
;  F i g .  
2 . 1  ) .  b u t  v a r i e d  l e s s  a c r o s s  r e g i o n s  t h a n  d i d  G P P  o r  R  ( A N O V  A :  p  =  0 . 0 0 6 ;  F i g .  1  
nd w ni rr 1 t d t m n annual 1r t mp r tur t tal annu 1 
pr ipit ti n and t hm nt pr du ti ity r = .2 t . 5· abl 2. 1 . 
7 
Table 2.1. Regional correlation between rn taboli rn and environrnental 
characteri tic . 
rr 1 ti n f r g d r gi n- PP R PP: R and 
n ft tai 
annu 1 pr ipit ti n Pr i · mm yr-1 and n t at hm nt pr du ti it PP· -2 m 
- 1 
r 
R gi nal 
MAT 
Pr cip 
NPP 
NEP 
2.4.2 tmn fi li rn 
w th und rlying dri r 
ari bl t indi u 1 1 mp ring rn 
Figur 2.2 . n g t d ir t p i ti pr di t r f th PP and R w 
2.2 · PP: r2 = . pp = 1. 1 + .41 [1 
1 R = 1.27 + .42[1 IOTNJ tl Il w d 
< 10 pp = 4 + 1.75[1 giO 
+ 1.77[1 gl W aJ und i ti 
.25 p < . 
r l ti n hip 
tt nu ti n c ffi i nt and th PP and R u h th t rn r 
rti 1 Ii ght p n tr ti n h d 
p < 
PP: r2 = .24 p 
1 1 1 R = . 8 
tw n th 
ig. 2 
light 
with 
PP: 
1 kdl R: / = .2 p < 1' 
th nb th PP and R 
tw n TN and ith r P r PP:R ig. 2 · r2 < . 3 . 
W tl und n r lati n hip r2 = b tw n PP:R and kd and w ak r lati n hip 
b tw n · P and kd fig. 2 · r2 = P = -2 2 - 5 [1 1 kct . W 
tl und w ak n g ti r lati n hip b tw n 
r
2 
= 4 p = . 
and PP :R ? = 
P = 176 - 5 [1 g10 nn ti n b tw n D 
in rn an r gi nal 1 
ab 
Wat r t mp ratur w a w ak dir 
pit 
rn tab li rn and r gi nal air t rn r tur 
n th p tt rn 
bi d 
9 
'Ç sooo b) d) 4000 2 0 2 .. m ~1000 2000 ~ 1 5 
0 500 3 G> 
01 n.s <C 10 ~ §. 0 0 :D a: 100 os 3 50 0 5 0 -2000~ a.. 
a.. 00 {!) 10 
01 0 2 os 1 0 5 10 50 0 1.0 10 20 10 15 20 25 
TN (mg L 1) DOC (mg L 1) (m ') Temperature C) 
Figure 2.2. Direct driver of lake eco ystem metaboli m. 
impl lin ar r gre ion mod 1 d picting the r lation hip b tw n rat f PP 
gr en and PP :R gr a a function of total nitr t;) n TN· 
re;,anic carbon con ntration D · pan 1 b) th light e tin ti n 
c ffi .i nt kd· pan 1 c and urfa wat r t mp ratur anel d . ig1ùfi ant r2 ~ 
O. 4) rn d 1 ar pr nt d a lid lin . N n- ignificant r lation hip d not d b 
n . . . 
2.4. m in d cat hm nt nd l 
w ub f th lak n = 125 ft r 
r rn m lak with mi ing pr di and r lati 
1mp rtan am ng at hm nt fi tur 
nditi n ith th b d and a j u t d r 2 1 u 
pr nt d in t bl 2.2 th ull uit gi n 111 uppl rn nt ry ab1 2. 1 
and 2.2 . k ph 1 mi al fi tur wr th f b th pp 
and R 2 dj . = > .27· bi 2.2 . plu wat r r 
-
t mp r tur w r alw y ignifi ant and p iti whil kd th light ·tin ti n 
ffi i nt w n t 1 ni fi ant In ith r 2 .1 and r rn d fr rn 
rn rph rn tri ar a ngth and d n mi r ti 
an h dr 1 gic WR aria fi r 1 i tt] th ariability in PP and R 
ab! 2. 1 whil cat hm nl fi atur al n c unt d fi r an 
int rrn diat an1 unt f ari bility 111 PP and R r2 adj . .14 nd .17 
ly· abl 2.1 mbinati n f pr di t r fr rn a h gr up n rat d th 
b t pr di ti rn PP and R r2 d j. = . 6 and .41 , r 
ab! 2.2 : B th th r lati w t r ar in atchm nt and timat f lak ar a w r 
n g ti 1 r 1 t d t PP nd R. h r lati w tland ar a in th at hm nt % 
wh n dd d abl 2. 1 . W r tain d % w tland 
lu tmpr d i. . 1 w r d and th adju t d r2 alu impr d b mpar d 
1 1 
rn d 1 run ith ut it d t n t h wn. lt i r fr rn th 111 d 1 th t b th 
t hm nt and Jak fi tur int r t in t nninin f urfa at r pp 
and R. 
F r th PP:R and p th diffl r nt n f pr di t r h 
a unt d fi r m l.l fr ti n f i l.it nd n ughl 
adju t d r 2 lu 2 dj. = . 4 t j ti . r 
and th p r ntag f cat hm nt w tland r n a ti w r th nl ignifi ant 
PP:R Ln indi idu 1 rn d l b1 2.2 and w r th b t 
mbin ti n f pr di lth ugh th ni unt d fi r rn Il p rti n f th 
aria ility in PP:R r2 adj. = P w r 
g n rail imilar t th fi r PP:R. and rn rph rn tri 
aria r rn rgin ignificant in th in di idu 1 rn 2.2 alth ugh 
th b mbin d rn l in lu d nJ t mp r tur n p r nt 
w tJand r (/adj. = .11 t .15· Ta 1 2.2 . n gati r lati n hip 
uog t d d atchm nt w tland r and gr at r lak D 
nditi n whil th p iti 
P and wat r t mp r tur ug t that 
warming fa ur n t aut tr phi t rn rn tab li m. 
1 2 
Table 2.2. ummar of the top multiple r gre ion rn d 1 pr dicting lake PP 
R GPP:R and NEP from a combination of lake and catchment characteri tic . 
2. 1 nd 2.2. P am t r in lu 
rn 
- 1 
rn 
- 1 
w t r t mp 
p r ntag f w tland %w t and tandin w t r %H2 ti 
t hm nt. 
10 
h int r ti n tw n limn 1 gi al 1 nd ap d limat dri r 
d t rmining th r gi na1 p ti l p tt rn in PP R nd p am 
rn r pp r nt h n pl r d u ing a tru tur 1 qu ti n m 
highl 
h n th m d 
t nd t 
t a w u d in MR an ly th 
al w ummariz d tb 
!lin ar t hm nt tru tur ariabl in luding t tai t hm nt ar an 
r lati c rag f w tland 
with prin ipal mp n nt anal i P ig. 2.2 h fir t 
n ith 1atitud t nd rdiz d ffi t = - .5 · ig. 2. uth t n rth tr nd 
hift t ward 1 rg r rd fl tt r m r 
. w li d th f thi in th M a n rn r nt ariabl that 
M ugg t that th f th lim ti Ll 
l k m tab li rn PP and R i mpl tl m ditat d th ir fil t n 
lak nutri nt nd D M: 
in cr 
and l 
in Jak 
diluti n 
nhan b th 
n latitud n 
rthward d clin 111 pr ipit ti n 
ig. 2.3 p ibly thr u h gr t r 
t 
chindl r t 1. 1 
.37 r p cti 
whi h in turn app ar d t 
ig. 2.3 . Th r wa dir t 
.48 · ig. 2. ma indi at n rthw rd d lin m 
nt ring l ke a a fun ti n f d lining catchm nt n t primar 
pr du ti n PP er u 1 titud : r2 .8 p < . 1 . lth ugh PP wa 
l 4 
ti rn t d t t a r lu ti n t in lud at th In l l LI ] l k l 1 thi 
plan ti n 1 upp rt d b th p r 1 ti n hi th t w 
rag r g1 n 1 t rr tri pp n b th lak PP and R r = 4 and 
2.1 nt rpr ipitati n . 11 nd 2 .1 ) . 
Int r tingl th p iti n PP and R w f th am 
m gnitud ig. 2. ffi t f P w w al<. 
urth r lak t nd d t In r JO lZ in th rn fl tt r at hm nt 
. 1. ig. 2.3 whi h 1 h d n ar qu 1 
n t Mr ult t that rn in d hi ft 
in tr phi ap 
pp nd R but th ff: h th r u h th t p hw 1 i ttl r l ti n hip 
with th dri r . 
h l rg - P r p nd d rn t tr ngl 
r gi nal patt rn in wat r t rnp r tur and li.ng 
f pp .14· ig. f wat r t rnp ratur t d rat 
2. but urpri ingl n t R r ulting in th un p t d afi r rn nti n d n rthward 
hift t n gati 
wa c mpl 
ri h at hm nt 
h t r tr phi P. hift t ward in cr 
ne ntrati n alth 
ak imultan 
. 2.3 but d lin d ia an pp ing c 
d in fl tt r wat r-
n t latitud 
.77· ig. 2.3 p i ly r fl tin n rth ard d lin in at hm nt il nt nt and 
1 5 
pp a d a fi r and r du ti n in t rr trial d li r t m r 
n rth ri dD i ti 
pp 1 2.3 . h p tt rn 
c rn pl r gul tin lak p th int rpla n th 
and nutri nt nt nt and t mp r tur Ul W th ann t 11 ar il b 
tra t d fr m pl ring th dri r f PP and R indi iduall . 
1 
0.571 
~ 
04 
Catchment Structure 
(+ve = eeper fores ed 
eUandllake-poor 
catchments) 
NEP t2 = 0.49 
1 Lake Area j 
Figure 2.3. Hierarchical control of land cap -level metabolic variability in 
northern lake . 
tru tura! qu ti n rn d 1 M wa u d t d fin th hj rar hical r gulati n f 
lak pp R P. lid bla k and r iti nd 
r p cti Da h r idual 
ari tan ardiz d ffi nt ummarizjng th r ar g1 n 
b . n = 125· i t t tati ti = 2 .8· m d 1 d gr ffr d rn = 25· P 
. 7. 
2.5 
indi at that 
nlh 
p i 
f 
mp r d t ith r PP r R 
n lu i n th t w nfirm h r t r n 
han tn 1 fi tur 
1. 2 1 rn n 1. 2 1 a 
um d indir t human a ti iti th t ar warming 1 k nd ft n nhan in 
f: uring hift in th tl w b t ward rn r 
P Jan n t al. 2 k 
1. 2 12 . ur r ult and ugg t that b th ffi ma 
hang th n p t d 
ti n that i c n i t nt ith r p rim ntal w rk 
R drigu z Jth ugh w 
PP:R am ng 1 k 2. 1 th 
ingl pr di t d b wat r t mp ratur and 
PP and R b ing tr ngl p iti l link d t 
id rang in th 
ariabl w r nl 
P and 
and 
abl 2.2 d pit 
and D c nt nt and 
n g ti 1 t lak 
PP Rand lak 
2.2 . r lati n hip b tw n 
lut nt nt rn rph rn tr and wat r t mp ratur 
w r br ad g raphi hift in air t mp ratur and pr cipitati n 
plu l cal ari ilit m cat hm nt tru tur igur 2 .. 
highlight th und rlying mpl ity f th r gui ti n f 
multipl ft n pp mg n ir nm ntal ntr 1 whi h mu t 
r lati n hip 
P with 
imultan 
n id r d if ar t und r tand th und rl in rn h ni rn nd ur t 1 pr di t 
fu tur traj t ri f n rth rn lak rn t b li rn nd tl d w b fun ti ning. 
2.5. 1 Wh 1 -lak itat- p ifi lak rn ta li rn 
2.4 . d l 
and b nthi 
and P t r 1 
di r pan i n t urpri ing and h 
w t r r u b ttl -ba d appr 
mmunity-1 
2.4 , g n rail a fun ti n la 
ig. 2.4 and b ugg t that rat 
t m ti ali mm 
n rth rn lak rn tab li m h aln1 
h hi h r th n 
mmunity prirnar pr du ti n and R tg. 
tim t b d n dding p 1 gt 
t l. 2 15 . hi 
ffr 
1. 2 ta hr t al. 2 12a 
t nd t n rg in li tr phi 
iz t al. 2 12a . h tr nd 
rn t rial and 
n rth rn 1ak 
b n 
fl w ha b n 
m nt f 
fr rn in itr 
rn ur rn nt f p1ankt ni pr du ti n and r pirati n K lly t al. 2 ar ignan 
1. 2 n t al. 2 1· Jan k t al. 2 12· Kanka 1 t 1. 
2 1 t al. 2 15 . h ha b n h wn t 
und r tim t p lagi rn ta li m B nd r t al. 1 87 ua t al. 2 1 · P ll rd 
2 lud h it t V ad ur t l. 2 u t r t 1. 2 
2 n t 1. 2 1 nd r tim ti n f 
m li r t in turn rn limit f th m nitud hi h 
1mp rt nt pr fi d bi 1 pr th 
lin and rm ti n f ntamin nt ar urring thr ugh ut n rth rn 
u ti land 
In i ti nt p mm gnitu ur findin 0 in di t th t th 
tu tm tab li rn a r rn th th at 
h li rn '"' l . 2.4 ur p pan th 
fuJI ran Il r p p ig. 2.4 . n 
th ugh th ta pan a mu h 1 ng r nutri nt gr di nt rang 
.1 t 5. 4 mg -1 P rang = 4. t J.Lg - 1 th n ur lak 
' 
ran = . 7 t 
1 -1 Pran = 2.5 15 .2 J.Lg -1 h 111 P ran 
n th in part t th f; t th ar mp ring ur 
umm rtim tim t annu 
li ht nd t mp ratur r tri ti n 111 ur p int 
amplin a pr h h 
limit ti n 111 
ur 
gard and d 1 i rgi 2 1 . 
PP:R n 
mth 
pit th 
larg rang in n t 
r ul t th t i 
t l. 2 1 · H Il in t 
11 
al. 2 1 
P t r 
2 0 
fr rn pl nkt ni mm unit rn nt 
4; and-J n t 1. 2 12 · ut 
w pl nkt ni mmuniti ar m tl 
d 
ngnan t al. 
tr phi and n t 
m t li rn i p i ti l 1 ink d t tr phi t tu h th t pl nkt ni mm uni ti 
un r hi r 1 d 1 
n nd r nt 
nt 1 finding R dri ur r ult ugg t th t r habit t 
in t r ti n 1 ik 1 tr n 1 han ithin indi idu 1 h it t f n rth rn 
ultim t 1 -1 P a l pr p rt th n uld 
p ct b d n th p tt rn d ri d fi r an indi u Il k ha itat. 
111 
5000 
t, 
C? 500 E 
0 
C') 100 
.s 
a.. n.s. a.. 20 (.9 
5 
<? 
5000 
,.... 
t, 
M 500 E 
N 
0 100 C') 
.s 
0::: 20 
0 
5 
4000 
c) 
........ 
"'o 0 
"? 2000 0 
E 0 
N 
0 0 C') 0 
.s 1 a.. 
UJ 
z -2000 
0.05 0.2 1.0 5.0 6.0 
Trophic Status (TN; mg L·1) 
ONorthern lake (ecosystem) 
ONorthern lake (pelagie+ benthic incubations) 
J 1 r 1 1 1n 
OGiobal (ecosystem 
Figure 2.4. Eco y tem- cale metabolic pattern deviate from community 
a ment in northern lake . 
11 2 
Rat [ p a R b and p c a fun ti n f tr hi t tu 1. ., t t 1 
k p int r pr nt fr at r rn l b Ji d r rn thi tud 
rn [! r tg ur 2.2 lu int fr l. 
2 lS · n .. = n n- ignifi ant r nm d 1· r2 = 0 r rn 
ar 1 t lurn tri r t di idin p in t ar 
rnmunity r pirati nd fr m ur n rth rn J rr 
l. 2 15· p l gi R: r2 = ] + 474[1 g l n r d p int r 
l b 1 r -w t r m ta li t r m rn n t al. 2 1 PP: 2 .47 r 
1 gJQ pp = 7 + 1 [1 10 PP = 1 42+ [1 gJQ ] . 
11 
2.5.2 r nd in 1 k rn tab li rn J n0 d li ght gr di nt 
th J ld 
m1 dl PP, thu 111 lin tn 
2 .2 . gr tr ngl 
f r u fpl gi pr du ti n 
urn h and r pir ti n an Pr iri 2 05 . h 
with a r nt p rim nt 1 wh 1 lak nri hm nt th t th R 
an pp t ut urin 0 R > PP and thu nn t al. 
2 ming! c ntradi t r r 1 f fa uring th p and R 
n rth 1 ithin th nt t f th 
d n m1 f th rr tri th 
th t fu 1 ut tr phi r wth, and f ub trat th mmunit 
th t fu 1 h t r tr phi 2 . lth ugh th th tw 
D ding t n t h t r tr ph m man 
nd Wi ll iam 2 
rth 1 
1 m n t 1. 2 1 · Zwart t al. 2 1 
and 1 M 
in li ht ilability ig. 2.2 p tt rn th t ha b n 
n um rg an · Zw rt t al. 2 1 
r p rt rn ining in itr tim 
b unr 1 t d t tr phi t tu and rath r app ar t tr k th 
hi h t nd t 
-rn di t d li ht 
114 
n ir nm nt that limit pr u ti n th nthi lg 1 mmunit t al.2 12· 
15 . lin in li ht ai l ility imi larl 
u g tin furth r r tri n lak P.P in 
d ir nn1 nt . W furth r pl r d h th r light-111 iat d 
r tri tn n rting ur lum tri 
fi r th mi ' d 1 "brmrth ar lrt 
j ti nd t mp r tur in a multip l 
rn d l h wing dt nt hwn. 
tw n tr nd m "'~"""""<' d 
n habitat- pe ifi 1. 201 2. 1. 2 15 
th mpl ity f r gulati n f wh l lak PP and f int rn 1 
m n p th 
wh r in n [! 
thi 
al. 2 1 · Br th r t al. 
d lin m m1 la r 
th 1 
u 
f light v 
hin l r 1 
m turn li 
1. 2 1 
f fun ti ning m 
· Va 
inhibit tr 111 
link d t br wning th at r l.umn a n lu i n 
Prro.cuct rn manipul ti n R drigu z t al. 2 . Zw rt 
t al. 201 ur finding indicat th t in th f th r wi pr ad 
chang 
manipulati n 
u h 
t ward n t h t r tr ph . 
d b l w tr phi 
nt nt l arl fa ur hi 
] 15 
2.5.3 mp r tur n la rn ta li rn 
P an PP :R t ambi nt 
t mp r tu r r p rt h r Fig. 
r ntr Il d 
1. 201 
li rn and 
1. 2 5· Y n-
2.1 d 
ll n 
d Jnmw1it -1 1 in 
uart 2 12 . 
1 m ta li rn i n t impJ th um 
proce:sses , and th r rn p t nti Il 
1 rn tab lie t mp ratur n iti iti 
b tw 
b 
tr ngl fr 111 
5 nd fr m 
y n 
f 
llular 1 
Hui r- and 
t a l. 2 15· 
lth u h ur rn pl ing t pla during th umm r th r 
wa n ~14 
latitudin 1 ra i nt . 
at r t mp r tur 
P and PP :R w r 
tud 
link d 
t mp r tur in bi ari t ig. 2.2 h w r w fi und a p iti 
r la ti n hip b tw n t mp r tur an b th N .. P and 
nt 
2.2· . 2. hi tr nd tr ngl 
th Jane tw n PP an 
r f1 ti n f th c llular- r rgani rn- cal r p 
11 
th t i 
2 1 . 
h p iti 
Ta 1 2.2 
dm ntati n R dri u z t al. 
nn tinb tw n P and b th w t r t mp r tur . 2.2 . 
bi 2. 1 d pict d h r ma r pr nt an 
und rl 111 nn ti n b tw n r dur ti. n whi h g n rall 
t 1. 2 4 and th gr wth and t bli hm nt 
f th 
c r durati n h b n h wn t af mm unit mp iti n and timing 
prin0 1 rn but n rall rn nm y r 2 
h w r th R ill 1. 
201 5 r nd ring a rn chani tic int rpr t ti n f th t mp r tur - PP link r 
p ulati ak n t g th r it app ar th t th ng ing and wid pr ad 
rmm inn rth rn r Magnu n R ill t al . 
2 15) rn in th f pp m di cu d b 1 w 1 ad t p iti 
hift in th rn tab li b lan f lak but thi p tt rn r quir furth r pl rati n. 
2.5 .4 M hani rn und rpinning land cap p tt rn f lak rn tab li rn 
P i n t a rn tab li pr in it If but rath r a math mati al c n tru t 
that impl d p nd 
r p nd d far l 
n th p tt rn f it h 
n ir nm ntal aria ilit than ith r PP r R 
ct that P 
abl 2.2 · 1g. 
117 
2.4 ugg t th t n th ugh th m tab li m h w rn wh t 
di fi r nt r -lak p tt rn and r 1 ti n hip main dri r th ar n rth l 
r 1 ti 
n tr nm ntal 
nd 
P d pit th ir 
upl d at th 1 nd ap 
and am ng th it 
w ak p tt rn wi th 
int r tin t n t th t wat r 
h d ignifi ant pp ing r l ti n hip ith 
nn PP and R abl 2.2 . h tr 110 
llin ri ty b tw n D w tian r nd th r at hm nt tru tur ariabl 
1. . g tati and tanding w t r c mak it diffi ult t id ntif an 
nn ti n b tw n at hm nt fi tur nd Pu in MR bi 
2.2 ut th fa t th t in lu i n f 1 nd cap 
f P and PP:R b 4 - % 
ti 
2.2 p int t 
th n d t n l r th hi r rchi Il n t dditi ly m mann r 
in whi h t rn 1 fi r in rn hani m t n 
th bi ti c mrnunity thr ugh h ng in th al tru tur f lak 
itt t al. 2 apt n t aL 2 15 . 
ur M r ult ig. 2. highlight th rn pl r ulati n f lak 
rn tb li m ia mbin ti n int mal and fi rcing 
m hani m ; lak p 111 parti ular pp ar t li w rn r nt patt rn and 
r gui ti n t th 1 al that cann t b d duc d r pr dict d ith r fr rn 
r fr rn e i ting inti rmati i t n titu nt PP and R. 
h p tt rn in 1 P ar in rn unt rintuiti and h maj r 
11 
impli ti n fi r ur und r tanding n tju t f th fun ti mn f r 11 but al 
h w thi fun ti ning might hi ft und r nari f futur r ult 
tr ngl impl th tt b t und r t nd futur n f n rth rn 1 li rn 
w mut imultan w igh th f multipl n 1r nm nta l h ng 
parti ul rl th f warming R ill 1. 2 15 and 
t lT tri 1 rganic matt r l ding hindi r t al. 1 7· M nt ith 1. 2 bang 
rn n t l. 2 15 . . ak n t g th r th finding li ti 
rn hani ti infi rmati n b tt r und r tand h w wh 1 -1 k 
m t b li rn i r ul t d, nd h it m r p nd t int n ify in bang m limati -
and at hm nt bara t ri ti hindi r randt 
t l. 2 1 . 15). In th wat r-ri h b ap wh r lak 
pla in t rm f arb n pr m gr nh u 
ga m1 
2 1 rland l. 2 12 th rn rg nt p tt rn m lak h 
implicati n fi r ur und r tanding f th pr nt and futur bi al 
fun ti ning f th wh 1 land ap . 
2.6 WL D M 
Thi w r ith ut th fi Id and lab :ffi rt p t nd 
pr nt la t. Pi rr and . Park W thank R. V gt J . .. . 
r th c ur f thi Lapi rr 
tud . J. api rr R. Hut hin and R. aha c mpil d lim t and catchm nt 
d t R. ah pr id d th map f . M.J. . a dir tl upp rt d b 
d t ral h lar hip · r m th ti nal and ng in rin R ar h un il f 
an ad a R and th nt a M hi pr ~ t i part f th 
pr gram f th R 1 ar h haïr m arb n 
Bi quati arBB -fund d b 0 r nt fr m 
R and H dr -

2.7 PPL M ARYMA Rl 
2.7.1 uppl rn ntar figure 
~ 30 J ~ 20 
::J 
g- 10 
U:: 0 
0 2 3 4 5 
GPP (g 0 2 m-3 d-1) 
>. 35 
LILT ~ 25 ::J C" 15 e u. 5 1 1 
0 2 3 4 5 
R (g 0 2 m-3 d·1) 
25 
1151 
ù: 5 
-4 -2 0 2 4 
NEP (g 0 2 m-3 d·1) 
:::o-- 8 
On A-m ~ Q) ::J C" 4 Q) ù: 0 0 
0.0 0.5 1.0 1.5 2.0 
GPP : R 
Figure. 82.1. Hi togram depicting the di tribution of surface-water metabolism 
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Da h d blu and lid r d lin d n t th rn an and rn dian r p cti 1 . 
122 
region e AB e BJ 
('\J 
(.) 
2-
Q. 0 
% 
%H,O 
• 
- 1 
CB c 
0 
PC1 (46%) 
CT 0 LT 
slo 
• 
sv 
2 
Figur 2.2. Principal c mpon nt anal i (P A ummarizin th relation hip 
among land cape characteri tic of individuallake catchment . 
h fir t 2 mp n nt f th P captur d So/o th arian in th d t hi h 
in lud d at hm nt ar a and 
th r lati f w tland ar a % w tland t tai tanding w t r ar % 
and t tal g tati n an fi r t ar % nd % fi r t r p ti 1 . ak 
d db r gi n 2.1 . 
12 
2.7.2 uppl rn ntar ta 1 
Tabl 2.1. Multipl regre ion re olt including model ofGPP and R. 
Param t lud h r ar mg mg - 1 light tin ti ffi i nt n 
kd· m-1 wt r t mp ratur ti rn WR · y ar lak ar a 2 rn) 
p nm t r rn d n mt r ti d-r t p r nt a f w tland %w t) tanding wat r 
%H2 g tati n % o , rn an 0 and r a 2 m . 
""' 
~ 
~ c 
...... 
Q,j c:J 
c:J 
""' 
Q,j ·c:; ~ Q,j E -c:; 0 . ...., ::::1 E :§ ::::1 Cil "C en "C -; u -; r.. 0 c:J Cil c:J ~ Cil ~ , < 0 , ~ ~ (.,1 "\.. ~ u w 00 ~ 
g,o pp ph - h m 0.27 < lnt r pt 1. . 02 
1 g,o .2 -4 
1 g,o .6 .2 7 
1 g,o kd .1- .7 
1 g,o mp 1. 2 
m rph m tri . 4 lnt r pt O. 
1 g,o O. .22 
1 g10 lake rea -0. 11 .19 .5 
1 g10 perim t r) .2-
1 g10 d-rat . 7 . 12 
at hm nt . 1 12 Inter pt 2.6 
1 git %v t 18 
1 git %H2 -0.2 
1 git % g . 7 . 2 
1 pe - . 2 . 2 0. 1 
- .04 .2 
ombined O. 6 < 0.0 01 90 lntercept 1. 1 0.47 <0. 
1 git %H2 - .0 0.0 0.0 0 
1 g10 lak ar - . 1 O. 2 
1 g,o( O. 9 0.19 
124 
125 
12 
- 7 1.2 2 . 1 
1 g10 p rim . . 1 7 
1 g10 d-rat -2 1- .2 
at hm nt 1 27 lnt r pt -82 .2 2 . 1 O. -
1 git %v t) - 177. 1 7 .4 . 2 
1 git % 112 ) 1.7- .2 1 
1 git(% g 27. . -2 17 
1 .7 2 1. 
. 48 
mbin d . Il 7 19 1 lnt r ' pt - 1 24.2 7 
1 git %\ t - 1 1. 7 1. 1 . 2 
1 g,o 22 . 
HAP R III 
AB LI M IN M D L IN 
K 
M atth w J. Bogard 1•2 and Paul . del iorgio 1 
Publi h d m Global Bio o hemi al 
1 .10 2/2 16 BO 5463 
r up d r 
bi 1 giqu 
2 t 
K P int : 
• 2 flu 
lak . 
r ita ir 
w r c rr lat d t n t 
Le 2016 30: 150 -1525 
f th 
P) in rn t b r al 
• 2 flux > P in r 5 % f lak link d t xt mal input and p ibl 
ana robic proc e . 
• ne pect d pr al ne of ce 2 outga ing in n t aut trophic lak 
N.B. R fi r ne cit d in thi hapt r ar pr nt d at th nd fth th 1 . 

.1 
1 n ar In r ingl r gni z d a an 1mp rt nt mp n nt 
f th gl b 1 t th ri gin f th 
w Il d fin d. 
flu w 
2 d n mi 
n Ir nm 
r 1 in r 
m nd in-lak 
upling fJ 
r ti 
n and t bJ 
ur finding u 
mm 
amin d at a r luti n th 
lak rn tab li rn and 
h If th lak , but un 
larg t in - 3% ft 
2· qu Il urpn mg w ~und 
di tingui h d thi r fr rn th 
lak 
andh and inti r fr 
cat hm nt input and int rn l ana r bi pr 
f 
n 
mm 
rn a 
2· g th r ur finding h wth link b tw 
ft n tr ng but can ar wid ly a r th 
impli ati n ~ r at hm nt-wid budg t . 
n 
fil 
li rn with 2 
ifi 
n t 
and 
pr du ti n t r pirati n 
P = PP-R fr m urt c wat r 
li m p 1 y a d minant 
n 
d th fr m P in r 
mm n n typi ali 
that n mitt d 
ti that 
nn ing 
t pr di t d by cat hn1 nt tru tur 
mbinati n fm th d thtbth 
ma h c ntribut d thi 
n lak m tab li rn and 2 flux 
r al bi m h ing imp rtant 

3.2 IN 
r ing and 
nm nt Ra rn nd 
int rt d 
a 1. 2 4 · ran ik t J. 2 rland 1. 2 12. hi with il- and gr und 
wat rd ri d 
al. 2 01 · R r 1 d ri d 2 
m upp rting lak h w r, 1 diffi ult t di tingu i h arying b th 
thr rr nd d 1 2 12· W yh nm r t al. 2 15 and tim 
1. 2 An und r tanding f thi b lanc 
1 n d d b th t tt r d fi n th ntr 1 f a uati and t c mbin 
t rr tri 1 and aquatic int a cur t unifi d r gi n J and ntin ntaJ 
budg t Humb rg t aL 201 t al. 2 15· Butman t al. 2 1 
Wh th r gi n r in-ga 2 d p nd n th imultan u 
n t balan f t rna! and int rna! input and in -1 ta r primar 
pp . id at hm nt-d ri d DI t rr tri al input fu 1 2 
min ralizati n M 1 t 
and Dili n, 1 7· M alli t r and d 1 ry t L 2 14· Va h n and 
1 2 
d 1 rgi 2014 . th r proce:sse:s, u h a pp 
furth r ut thi i un mm n in n rth rn ft 
w t r 1 PP > R rn 
ff: ta fra ti n f t rr tri al r h mi 2 input 
1 . h rn gnitud f thi ff: t an 
and a a fun ti n f nutri nt nri hm nt li ght and th r fa t r that ntr 1 
ph t nth i wh r a and input n b r gulat d b di ffi r nt 
fact r and ma b d upl d fr rn 1 k m t b li rn ub i 
nd d 1 rgi 2 12 · Wilkin r c 
m tab li m and 2 fl LI proct~SS (:!S 
ign ifi ant am unt f 2 ind p nd nt f clin u t al. 2 
and Br n 2 7· Dub 
m lak that i 
atm ph r if 2 input b nd th 
2 uptak Dub t al. 2 inla 
t a1. 2 16 . in lak that h 
a n t ink rnagnitud 
f t rr tri Il -d n 2, 
lth ugh w an d t rmin 
2 utfl ux 
a n t h t r tr phi 
n t ut tr phi m y till mit 2 t th 
r bi R dth n t ph t ynth ti 
n 
tr ng n t aut tr phi rn tb 
ink ma b gr atl r du d input 
2 pr ducti n and may thu n t b 
ub l. 2 M t al. 2 1 . 
lak n t 2 ure 1 ink tr n0 th with 
r tati a rn h ni ti 11 int rpr tin th han rn r 
diffi ult. 
h ntr 1 f 1 2 fl u i inh r ntl mpl and th lit r tur a und 
with nfl i ting r p rt th r 111 ugg 
r 1 f int rn 1 2 pr du ti n k 
al. 2 t al. 2 1 2 · Yang t 1. 2 15 ar 
pr d minan t] fu J b atehm 2 input J n t al. 2 1 · 1. 2 
Mab rl t 1. 2 1 · W h nm r t 1. 2 15 and d p nd n th int r ti n f n t 
1. 2 12· 
r n t mutu Il in mp ti 1 
r 1 ti ntributi n f th 
2 flu pathwa pi rr and d 
2 14· W h nm r t al. 2 
f th with ut 2 p ifie 
dynami r f ga dyn mi t al. 
r t al. 
1 rn t b 1 i rn . Wh r 
2 4· rt lain n t 1. 2 
2 15 typi ally d n t m 
111 tab lie rn a ur rn nt d 
and R ( . g. Mar h nd t al. 2 
quantifi d ind p nd ntl and fi 
PP .g. K Il 
r gr n t al. 2 
fi r r al lak but t al. 2 
i rgi 20 14 . handfu l tudi ha tt mpt d t r 
l. 2 15 
p i t 
h n and d 1 
ntir balane 
1 4 
un ri in 1 2 mt t n b quanti f ing rn j r p thw and input rn in d 
lin 1· Wilkin n 1. 2 1 
th r h p rim nt Il manipul t d l k nditi n infl r th 
imp rt n Wilkin n 1. 2 1 lth U 0 h th tu di h 
i Id d th tr rn 1 1 b r int n i and 
tm r ti h 11 'pl ring th r ul ti n mn t th 
land hu it r rn Ln wl m ta li rn 
tu li rn 2 d nami and flu , thr ugh ut th r lland p. 
An f urf: w t r 
2 n mi 1. 
. If a r bi lak rn 
th n J 2 flu uld 
P. pr il-
2 lin n r ult in th d i ti d 
mta li m rg r n and Br n 7· 
1 . H r w u thi ppr h t in ti gat 
th r 1 ti tmp ana r bi and n 
pr tn m dul ting urf: t r lak dynami 1 7 b r 
an dian 1 w mp r ra r bi P and pp : R d n r -
at r and i t pi ly t m ur d 2 
flu and t rmin th m nitud 2 flux fr rn p 
am ng l w amin th pr p t nti Il au ing th d iati n and 
1 5 
ho th rn ar in r lati 1mp rtan al ng br ad n ironmental gradi nt . 

3.3 M H 
. .1 tud Ar a nd mpling ppr h 
h lak ampl d in ur tu t d in n rth- a t rn an a in th 
b r l r gi n fth pr In mp d 1 a ti t al. 2 14· 
pl rr 1. 2 15 . R gi nal nd lak hara t ri ti ha b n th r ughJ 
d crib d p n drang ln gr phi 
p iti n fi atur limati nditi n and limn l al 
haract ri ti 3.1 . i it d n in th umm r f2 1 -
2 1 fr rn 1 Jun t mid- ugu t whi h d f umm r tr tifi ti n 
in d p r lak in ali th r th rit f it w ampl d ni 
ming mid-rn rntn ri aft rn n p rt d . hi tandardiz ti n h lp d t 
mmtmtz th di 1 ariabi lit in g d nami ln ur dat t that p t ntiall ul 
h ur d th ptt rn p nd 2 flu am ng l 
am ll w- d p int in th h full 
B r gr n t al. 2 12· R t 1. 2 14 · api rr t al. 2 15 . In bri f w ti mat d 
mi d la r d pth fr rn t mp r tur pr fil rn d with a mbinati n pr b 
Y II pring In trum nt 
at ~ .S m d pth b 1 w tb lak urfac . timat f 
w r mad 
n and p r nt 
nt aturati n wa Lat r atur ti n w r t n with th mbin ti n pr b 
ph ri pr ur . D pr b w r calibr t d at h 
it in ap ur- atur t d air t ambi nt pr ur and urf: c wat r t mp r tur . ln-
itu urf: p 2 w m a ur d u in an M -4 infrar d g P- t m 
r w t r w pump d t th urfa and uilibr t d ith 
iqui- 11 Mini M dul m h 
p 2 f ambi nt tr m a m d n u tr t d fr rn 
ti mat i ti n fr m tm ph rie quilibrium. ampl :D r th i t pi 
mp iti n f di ub 
m .45 JJ.m filt r int id-
wa h d 4 ml with b th fl n and rub r-lin d p. Il 
am pl rn d pth. mpl w r 
r d in 12-ml pr il i and 
fr fair with a ti ht rubb r lin d pla ti cap. am pl :D r 1s H 
- 2 w r 
Il t d in 125 ml 1 ti b ttl fill dt full cap it fr f ir and t r d in th 
dark until naJy i . 
Table 3.1. Re ional catchm nt and lake- p cific environmental haract ri tic 
a ociat d with ea t rn anadian b real lake n = 187 am pied in thi tudy. 
i ti n d fin in t t. 
min 
07 0 570 4 76 
m an annual 
t mp ratur - .7 - 1. 0.2 - .7 
t tai an nuai 
pr ipitati n mm -1 70 4 90 10 9 12 
atchm nt 
0. 1 2.0 12 
at hm nt ar a km2 0.0 1. .6 6 1. 104 
0 0 o. 1. 
7 .7 92.0 4 . 8.5 100 
qua ti hab itat 
% 0 .4 1 .9 1 2 1. 7. 
Li mn logical 
60 270 0 406 4 
ak ar a km2 0.002 0. 15 0.81 5. 5 
lum km) 
.8 10-6 2 . 7 1 o·3 0.02 2.54 0.25 7. 1 
Zma m 2 22 2 2 0 2 
tim 10 O. 2 . 7.4 .7 9 1. 
urfa t mp 10. 15. 17.2 17. 20. 2 . 1 
hl a 11g L-1 0. 1 O. 4 1.47 2.42 2. 1 .0 
N mg -1 0.07 0. 17 0.2 0.2 0.29 O. 1 
p 1-lg L-1 2.9 6.6 .9 14.5 15.3 1 .2 
mg L-1 1.4 5.6 8.0 .7 10.9 3 .7 
0. 12 1. 
14 
'1 .2 lim t and at hm nt hara t ri ti 
url wind data tl r th p n d f ampling fr ntr 1 l ti n m a h 
r 1 n w r n fr m th n Lr nrn nt b it 
.1 nd fr m th w th r tati n f th 
ni r it ' d M ntr ' l tati n 
http://www. bl.um .html tl r th 
and r .i n 1 1 ng-t rm 
rn 1 d and pr al ng with a 
aur ntian r g1 n. 
clirnati nditi n h 
ju tificati n f th ir u t 1. 2 15 . W t r r id n tim in th 1 
f pilimn ti at r fr rn a h lak w r br ught t th la and 
r d in th dark t 4 until furth r anal 1 . d t il d b Ra il t al. 2 15 , 
t 1 P (TP and nitr n ) in urfa wat r tirn t db 
idizing ampl ia p r ulfat and alk lin ti n 
rn a uri ng P a rth ph ph u m th p tr ph t rn tri rn 
th n 
lu 
i hr m Ltd . rn th d W tz 1 and ik n nm ltr p c 21 
an u ing an lpk rn 1 w- luti n IV aut an l z r 
1 n lyti al tati n rgan.i arb n ( 
c n ntrati artridg ar t dt 
ürnbr ht rmany ith ana1yz r I 1 1 1ytical 
aft r dium p r ul · t dig ti n. 
111 ting parti 
p M Wh tman K nt K p1 rn nt 
141 
ti rn alg 1 
rn tt r 
tra t d fr rn filt r 
ith h t than 1 ni ati d p tr ph 111 ll with an 
idifi ti 
h rm 
rr t :[! r ph phytin 
ntifi In . W lthan1, M 
nd 75 nm 21 pr 
d r ant 
matt r M w rn ur d a b rban at 44 nm uth rt nd d 1 i rgi 
2 u ing an ltr p c 3 1 
In . W Itham M , 
t r d nd analyz d nd a 
Vi nn tandard rn an 
(V PD .W alculat d 
tr ph t rn t r 
am pl 
alu ar r p rt d h r . 
h rm i h r 
Il t d 
and Vi nna P -D B 1 mnü 
13 
:[! Il wing tumm and 
M rgan u ing racti nati n fact r f M k t al. 1 74 . 
142 
ppr im t th r 1 ti ffi t f w t r in 
tm w u d th d f i k w t r fr m th gl 1 m t n 
lin d- %o fr rn 1 w t r i t pi 
am pl n g rd 1 4· urn r t 1. 2 14 Il win u ti n .2 
d- 21 - x .2 
H r u th ra ti n a inti rr d fr m 
' a 
pr fi r th r 1 ti w t r r id n tim in th at hm tr ngth n 
ur amin ti n nditi n r 1 t t 2 d nan1i V lu 
a ~2 %o r n id rang f ra ti 
influ ni In lin ith it u a pr t hm nt t r r id n tim , 
d- lu j ti r 1 t d t ipit ti n at hm nt 1 nd 
run ff r 1 t d t th pr p rti ni f t nding wat r 
in th t hm nt T bi . 1 . 
.5 al uJatin lu nd p 
Ir- f 2 nd ul t d :D r ah 1 fr rn i k l w 
f diffu i n u mg ..., wh r n g ti lu f Fg ar 111 n, and 
p iti lu ar th 
F a = kg, X 
i flu mm 1m-2 d- 1 r kg i th hang 
ffi nt t gi n t mp r tur rn d-1 , an th d partur f r 2 
fr rn 
w 
k lu 
th t 
14 
t quilibrium with th tm ph r r 2; mm m 
111 ur rn nt fp 2 t { nr n tant 
r tur . w ti rn t d k 2 d k 2 fi r hl fr 111 al ul t d 
fi Il wing Jahn t 1. qu ti n .4: 
kg = k X ga 1 -2/ .4 
th ifi hmi t numb r r 2 r 2 W nnink f 
h ti mat 
unt fi r lak 
al ul t d with qu ti n .5 a wind- a d rn d 1 
V h n nd Pr iri 2 1 
k = 2. 1 + 1.5 x 1o + . x 1 x 1 g1 L 
wh r k tim t d in rn h-1, U1 o i wind p d t 1 m h i th lak rn 
- 1 1d L lak ar a k:m2 . ind 
rn f th 7 pr i u d 111 n i nd p d r c rd d t th n ar t 
th r t ti n. 
W ti111 1 um tri f .. P u ing qu ti 
p iti nd n g ti p lu r t f n t aut - and h t r tr ph 
1 : 
P- F 21 mi 
wh r w n ar il a um th t th d 1 ti n f fr 111 turati n 
at t ad tat b P and ith th tm ph r . w 
tirn t d p mm lm- - 1 and multipli d th alu b Zmix 
full mi d l k g t ar al r t . ln rd r t rn par 2 flu dir tl 
144 
w c n rt d a d .. pt unit f a uming an t rn t b li qu ti nt f1 
m n um d fi r 2 pr du d. hi appr 
di tin ui h b tw n i ti n umpti ph t -
id ti n r pr nting t t 1 in- itu min rali z ti n rat 
H w r th rat ar larg l dri nb bi min raliz ti n in umn1 r 
rn nth in th t mp r tur rang f ur tud l ran ' li t al. 1 · J n n t al. 
2 0 1 · V h n t al. 2 1 . 
3.3.6 1 t pi pp :R 
-D and 1 -H2 u in th m d 1 
n th w rk f B nd r and rand 7 . 
uming an dri n change in 
han PP R and atm ph rie chang r th nl 
dri ing t mp ral D and d nami in th tud lak a 
'pr d by qua ti n .7 and 
dD / dt = k 2X sa1- D / ZmL + PP - R .7 
i :16 1 dt = k 2 x a g x D 1 ·1 . x 1s:16D 1 a l x · au x a - D mi + 
pp x 1 :16H2 x a p - R x 1 : l D x a, 3.8 
in ludin D atm ph ri 2 and 2 
ti and at 1 % aturati n wi th th 
atm ph r D sai . If t ad n ar a um d fi r lu f D and 
145 
1. n th p nd db n t 
flu ) th n qu ti n .7 an n mbin dt fi r 
th lu f pp: R ua 1. 1 5· 
pp : R = 1 :1 H 2 x x 1 :1 p r g 
th t rm 18:1 g umm lZ th n t flu fabn ph ri 2 nd th 1r-
wat r int rf: 
1 :1 ir x 1 at 1 1- 1 ·at .1 x 
W a um ign tur f ir t b 2 
tudi ra t al. 2 t l. 2 12 . Th t rm 
nd P r th 
t al. 2 
ph nth ti pr du ti 
t during upt 
f Il -c n ummg roc~~SS(!S in th mi d lay r. 
which fracti nati n typi ali rang b tw n ~ 2 -
t al. 2 2· ni 1. 2 12 . hi t rrn 
in lud b th dim nt ry R and ph t ith 
mu h mali r Bran and D 1 1 7 
and ~ . nd chif 2 ace unt tl r 
ran ' li t 1. 1 n t al. 2 1· 
lg t n t al. 2 5· V h n and d 1 2 14 . With thi in mind w rn d tw 
14 
ti rn f PP :R u ing lu f b th O. nd unt fi r p t nti Il 
gr at r n b th r than p lagic R. H 
u di tl r nt r did n t ignifi an tl ait r th r Il p tt rn d ri d fr rn 
th and ur int th rn d 1 w ni pr nt 
r ul t 1 ulat du ing = .9 5. r 
.3.7 ak mt andM Blan al ul ti n 
w quantifi d th d ti n f 2 flu ' p emi i n 
' 
wh r 
mi i n r pr nt b r ut ga ing and th 
d fr rn .. p . ti ituati n 2 
d n d fr m P > 2 flu i ti n additi ni 
p r quir d t u t in th b rv d flu . In 
th 
ntp fa r 
w u d a ma appr h t cal ulat th parti 1 pr ur f 2 
in infl wing wat r r q uir d 
c nditi n 
t hm nt 2 input 
n wh 
mi i n x 1 ar 
2input 
lak 
tat lak infl w 
nd l k p rt 
air- t r flu ' and 
2outjlow 
2 flu . uming a 
b lan f 
2outjlow h uld quai th 
p whi h wa timat d a 
.11 
W d fm in p rt a h a th pr du t f fl w rat Q and 2 
f th t r nt rin r 1 a 111 th lak 2inpul r 2ollljlow 
147 
ti w um d 2outjlow w qu th rn ur d lak 2 
n, and th qu ti n fi r 2inpul: 
2input = 2outjlow .12) 
w ti rn t d Q - da - l b nnu 1 run ff fr rn api t al. rn rr 
2 15 t d il r t rn d-1 n multipl t hm nt ar 2 rn. r rn 2input 
w al ul t d th h p th ti al p 2 f in mm w t r 
nam i nt f 1 hanging thi t mp r tur r 
- 1 rang h d li ttl di tri uti n fp 2 lu nd thu wa 
uffi i nt fi r th 1 hi nw rn ant t rv 
a g n rai t rnal input t up rt mi in and wa 
nl u d at an r r f magnitud luti n. 
t ti ti 1 M th d 
Anal n 3. . R d 1 pm nt r t am 
2 14. w u m in ti n f rn J r r gr lm d 12 pa kag 
ndr 2 14 and P ar n n analy Hmi pa kag arr ll 2 14 
r lati n hip . 
t quar P pl 
pa kag . w 
har t ri ti am ng th 
lak typ n u mg n -wa analy i f ar1an V and uk y H 
14 
p t-h 
r idu 
mpari n . In li 
aSS€:!SSed 
umpti n f n rm lit . 
10 tran tl rmati n w r 
.4 T 
.4.1 2 an namt 
d 1 k 2 w rn t ft n up r tur t 
r lati th ph r whi h um dt b - 4 ).l tm ranging fr rn 1 2 
t 1 7 ).l tm rn an = 725 rn ian = 25 int rquartil ran 55 ~tatnr tg. 
nt! rn t 1 ut ga d 2 t th tm ph r , 2 
flu ' rn ·ing r rn -1 7 7 mg rn -2 - 1 rn an = 2 2 rn dian = 
i nt rq uarti 1 rang 7 t 4 ffi0 rn -2 
- 1 ig. .lb . Pal pann d a laro 
th 1 k , fr rn n th t r tr phi t n nditi n -15 
t 1 2 rn tr phi lu 
man = -172 mdian = -1 int rquartil -2 d-1 . rn · tg. 
.1 f p f th PP:R 
r ti pann d larg ran f n t aut 
t rn w r . 1 1.1 man = . 
rn dian = int rquartil rang = .71 tg. .Id . W fi und a tr ng 
p iti tw n ur timat P and rn d PP:R rati 
data n h wn· / = p = < . 1· PP:R = -1471 ± 14 + 1 21±15 x P . 
ignifi ant r 1 ti n hip b tw n urfa wat r p 2 and ith r 
PP:R ig. .2a r P ig. .2 wh n ali lak 
pit th l n rn tab 
i nifi ant hift in th i t pi mp iti n with 
15 
In r a m p 2 .2 ; r 2 = 7· p = 2 = -15.2 ± .7- 2 ± 
x p r a u f th tud 2 b am rn r 
Il d pl t d hifting fr rn - -12 -2 l%o, p fr m 
und r aturati n up t - 1 70 !-la tm. 
a. 
30 
J 20l 
u. 10 
0 
0 500 
c. 30 
0 
1000 0 
b . 
25 
20 
15 
10 
5 
0 
1000 1500 
d. 25 
20 
15 
10 
5 
0 
1000 2000 
-200 200 600 1000 
0.5 1.0 1.5 2.0 
GPP : R 
15 1 
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Figure 4.1. urface water H4 dynamic in experimental enclo ure . 
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quilibr t d with th Lr quilibr ti n nd 
g hr mat graph r p dl rm d a tl r m bi nt R pir ti n r t 
w r d t rmin d b dark in- ilu 24hr in ub ti n n p rim nt d y nd 7 in Il 
u in0 unfilt r d w t r in 4- cu it in r . Initial and fin 1 ampl f 
4.5.4 
Il t d and rn a ur d 
2 2. 
chamb r flu ti mat 
B u i rand d 1 
ir-w t r H flu m th rnesocosrn and th urr unding lak w r 
c ffi i nt th 1 tt r d ri d fr rn th rn a ur d i nt r 
2 m mesocosrn up r aturat d m 2· k 2 wa rn a ur d m n 
mesocosrn p r tr tm nt -5 tim dail during da 6-7 and 27-2 f th 
p rirn nt, u ing th fl ating ham r rn th d tl llo ing Va h n t al. 
Bri fl nn t d ia t rn t an M-4 infrar d ga 
rn nü r PP t rn B MA. lu calculat d th r t f hang f 
hamb r p 2 min-1 during a 15 minut int rval. Di 1 amplin d 
tirnat fr rn th rn rmn aft rn n and ni httim p ri d and rn an 
alu w r u d tl r dajl flu d 2 ampl tak n pri r t 
11 hamb r rnea ur rn nt u ing th am h pa hniqu a tl r H4 but with 
22 
dir t inj cti n f th quilibr t d ga into th M-4 in th fi Id. he ga e chang 
c ffi ci nt fi r H4 wa th n alculat d fr rn k 2 u ing quation 4.1) following 
Jahn t al. (1 87): 
th chmidt numb r of 2 and H r w anninkh f 1992 . 
cal ulat Kt flu w u d th a rag k H4 al u th rn a ur d p fu and 
the t mperatur d p nd nt olubilit wmg quati n 4.2 : 
F = k ga * K h * g 4.2 
wher F i flux f Kt mmol rn -2 d- 1 Kh i th t rnp ratur - rr t d I nr 
c n tant and th difil rene in partial pr ur b tw n th air and th wat r 
partial pr ur 
pp m. 
f H . W a um dan atm ph ri partial pr ure of H4 of 1.75 
4.5.5 1 t pi anal 
1 c mp iti n ar r p rt d in d lta n tati n fi li wmg quati n (4.3): 
83 r 8 0 = R amptel R tandard -1 *1 00 4.3 
wh reR i th rati fh avy t light i ot p 3 re pre -DI 
8 0 rpr nt 180-H20 and R tandard i th 83 or 8 0 ignatur f 
Vi nna P D B 1 mnit VPDB r tandard rn an cean wat r ( M W) 
r p cti el 11 am pl w re taken at ~ 25 cm d pth. ample for 81 - 2 and 
13 
- fu w r tor d in 12-ml pr c rnbu t d b ro ilicate ial pr r d with 
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I g b nd air-fr ampl pp d with a a ti ht ru b r lin pl ti ap. 
z d at th m r i t f 
ingl am pl fi r 
filling Pi arr 
a urn dr pr ntati r th 
am pl 
lin d g -ti ht pla ti ap 
tan dar rn th d. 7 r 
r u d t tim t PP and Pfill wmg 
4.5. um n l rn th d 
2 J t pi 
ial 
uin 
t p 
b th u ing tandard 
t al. 2 
pn r 
and 
r-
w ur f arian RM- v mp r 
H4. n-
n tr atm nt fi r r up d dat 
th 
wa v w LI d t a 
and g1o + 1 tran fi rrn ti n appli d t f ru·ian 
fillwdb nfl rr ni p t-h p irwi c mpru·i n f tr atm nt rn an . Il 
r gr w r p rfi rm d u m igmapl t . 12 and v wr 
rn ut with P . W u d rd in ry l uar uantify th 
link n PP r P and H4 th f 
B.. thr ugh ti rn wa l fun ti n th d ri. ti tak n 
22 
n th t tim w uppl m 4.4. hi ppr hw 
ur t tn in tr diti n lm th d ' 
u h g tran fi rm ti n B Il w n th lin arp rti n f th 
d t t umi t al. 1 lar rr r in th f th r gr 1 n 
lin wh 
ti mat 
ing wlu h p int t fit and whi 
2 
2 2. 
4 . . 7 
fi Il 
4.4 a 
fr ti 
3 
-
ni ar within th r 1g 
m_m 1 m- rt d t umi t a l. 1 
M 
·B ik n 
.17 -
1. 2 2, 
p rti ul rl fi r b r 1 1 f imilar tr phi nditi n tv i n t 1. 
ppar nt i t pi fr ti n ti n 
w tim t d th r nt fr cti n ti aapp during rn than 
tn nrd 2 5. pp r nt fr ti na ti nf: t r i d fin d u in LI ti 11 
aapp = 2 + 1 1 - H 4 ur e+ 1 4.4 
- H 4source i th ign tur f ur H an 2 wa 
tumm and M rgan , u ing 
n ti tl1 m a ur dam 
H 4ambient we tim t d ur e ting fi r th t pi 
nt p n- y t rn , 
nati n d fm d in qu ti n 4.5 : 
22 
- H4 ur e= J - H 4ambienl - - H 4ambienl - 405 
wh r fand 1-far th f nt ir 
ur tim ti M di id th um f 
ho t pi ffi f In ur < 
nb appr tm qu ti n 40 
1 - al 40 
fr ti n ti n f: t r n r ti no d ri d lu fa 
r u d D r r u d 
l. 1 2 and D r M th ran r p tvi n t al. 2 2 ° i 0 
u do 
th p t n ti l ran f aapp tim n da 7 f ur 
rtm 
and i t pi 
p t nti 
M 
difD r nt 
high 
m 
ity 
ari ility in M r thi an l 
alu in M 
ith b th minimum and m tmum rprtd-Dri 
unn M Ba tvik n t 1. 2 2° 1 .4an 2 0 %o 0 B 
a nati n 
f id ti n with n 
ti n with l w fr n and high id ti n r t with high a 
no w th nt k th m imum and minimum f lXapp b 
r t 
f aapp 
ti 
t pi 
th 
d n 
2 
thi nal i upp r and l w r und fi r CXapp timat d u mg ur a tuai 
m a ur m nt fM X. 
4.5 .8 M m ma b lan 
T quantify rn than in th xi mix d 1 r of ambi nt 
ma balan fr rn th ambi nt c ntr 1 ur w r ntrutd 
uppl m ntar abJ 4.2 fi r ompari on with oth r Jak ba d ~ flu u mg 
quati n 4. 7): 
H 4gr = H4 + E + 0 - M 4. 7 
H 4gross) ar timated b umming th rate of chang 
H4) d fin d a th rat f incr a in th an1bi nt H p ol with th 
rat of H4 a ion (E) and idation 0) mmu th horizontal influ of t rnal 
H4 ia diffu ion a r th wall f th ncl ur (M· d tail d in th 
uppl m ntar M th d ). In all ca ma 
th ntir mi d la r r urfac of th 
t c mbin a rial E and M) and olumetric ( H4 and 0 proce e on each ampling 
dat . 
mix d la ra ra d pth f 1.68m uppl mentar ig. 4.1) 
wa u d t calcul at b th mi d la r lum and th urfac ar a f th ur 
wall that c ntribut d t H influ from th urrounding lak h 
chang 111 torag H4) w calculat d a th rate f chanb in ambi nt H4 
Ill h 
a 
lum tri li th 
4.2 . h rat 
1 ulati n. ~ m Il 
fi r rn pari n with th 
4.5 . 
urr 
it al ng tran 
trap 
Jul and ugu t 2 
2 1 
a fun ti n ftim Utn th i n lin 
thn dju t d 
ur -1 d-1• uppl rn ntary 
d 7 f th p nm nt wa u d fi r ali 
f H4 ros W r unit mm 1 rn- - 1 
r l b d rn a ur rn nt 
d namt 
nd rn 
ll n u nm nt. 
r ult w r 
qu ntify umm rtim 
mp d ith th 
f bulliti n 
4.1 bubbl tr p w r fi d t fi p rman nt amplin 
at - 1 2 5 and 7m d pth . Bu 1 
r th ntir amplin n d nd c 11 t d rn nthly in J un 
m rt d funn 1 3.5 rn diam t r 
1 w th 
raduat d 1- gla 
f th w t r .25m at th h Il w t ampl 
ttl w att funn 1. b 
th b ttl cap t th n ck f th funn l t m a ga tight al. h b ttl 
rh atin r li ht ur 
ga. B ttl r fill d with wat r up n d pl rn nt th ga umulat d b 
di pl ing wat r in th b ttl . B ttl w r c ll a rn nth r until a lum 
gr at r than 25 ml f g 
di pla rn nt ith ambi nt 
ar full r rn d b 
ap fitt d with 2 nn 
2 2 
u t f th a wa inj t d in ml a lin 1 z d upon r turn t th 
hr rn t raphi ncl ur am pl m 
th m j rit f ampl ttl fi r up t am nth Il 
um d th t th H atm r na 
f mpl 
ith 1 i t ratur 
B ). 
f lak H wa tim t d b fir t m unn 
f n rn nthl n ar h ubbl trap ng th 
tran t. rang d b tw n 
and di n ry v p = d tail d a fi r th 
rn n :flu timat d b ppl ing th a rag 
24hr t 7m d pth a] ng th tran t rn an k 114 = 
Wh l lak ~ nd 2 diffu i :flu w r cal ulat d b appl ing 
r g r al f diff11 i n t th ntir lak urf: 
bulliti n w f bulliti n 1 + 
mm 1. m-2 d-1 w r appli d t th lak urfac < 3m in d pth hi 
ar w tim t d d t 1mining th ar a th lak <3 rn m d pth r m a 
hyp r phic urv and Imb d n 1 9 and i ting 
arignan 2 l . 
4.5. 1 
n tr nm nt w 
k 
2 
nd H4 in p n w t r 
mpar th r ult r rn ur rim nt ur with 
> 1 km2 d p > 1 rn rn trnum pth b r al 
r hw t r nd m nn d 
ul t d in uppl rn nt r 
fr rn th 1 it r tu r 
bi 4. 
hl r ph Il a w r rn a ur d 
data an 
in lud 
il d and chi a w r mad ind p nd ntl but 
nd thu lud d. r ma1n n 1 t nt with th 
an1pling appr a h fr rn ur tud nd rnpling f b r 1 1 n ar- urfa 
p n- t r r ult fr m th nt r f th 1 k r fw1h fr rn th c a tai 
n ir nm nt in marin tudi 
midp int f th t rang w 
r ult w r a rag d. 
w r u d. umm rtim r ult r tak n if 
If ur · w r gi n a a ran th 
n. I multi l ampl w r tak n at n it th n 

4. 
4 .. 1 
1m n uthi r- ~ ut u Ju n P bi nthi M ·il n 
R id u and R an l ut hin pr i t n J n-
4. .2 uth r ntri uti n 
M.J.B P. .d. . and .D. d i n d th tu · M.J.B . 
. M. p rfi rm d fi Id and l w rk· M.J.B. and Y. .P. an 1 z d th d t · M.J.B. and 
P. . d. . wr t th pap r Il au th r r i d th p p r· . and P .. d .. 
ntribut rn t rial . 
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4.6.3 mp ting tnan 
Th uth r n mp ting finan ial int r 
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Figure 4.1. Me oco rn water-column profile . 
aturati n and b t mp ratur w r rn ur d in n 
p rim ntal p r tr tm nt and ar a rag d h r fi r da 7 nd 28 n = 
3 rr r bar = + 1 .d .. Man ± 1 .d. mi l y r d pth fi r th ntir 
p rim nt l durati n wa aleu! t d fr rn t mp ratur pr fi l t b 1. 8 ± .3m 
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and thi m1 d la r d pth alu wa appli d t all ncl ur -1 
al ulati n . 
olum tric 
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Figure 84.2. Daily atmo pheric ga -exchange dynamic for the me oco rn and 
the lake. 
timated H4 chang c ffi i nt ( k H4 w r d ri d fr rn th rn a ur d k 2 a 
a functi n f time :D r p rimental ur (blue circl and r th lak r d 
triangl ). H rizontallin indicat m an dail alu f k H plott d in blu and r d 
and th lak r p cti l mean ± 1 .d. = 0.69 ± .52 and .65 ± 
0.42 m d-1 r p cti el ) . 
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Figure 4.3. Daily average weather pattern recorded at the fi Id tation n ar 
Lac romwell. 
ta in lud a rag ind p d r d lin a rag air t mp ratur bi k lin and 
ph t ti r di ati n P R blu lin . k arr w indicat th 
dat and n Jun 5th 2 12 
' 
y 157. r 
n n Jun th , Jun 1 th and Jul 
1 2 . t th t 1 ga flu timat gan at midd n th 
da pr din ampling. nditi n + 1 .d. ar :[! r 1r 
t mp ratur PAR and ind p dr p cti 1 · 1 .1 ± 3.5 7 + 1 7~-t -2 - 1 rn 
and 1. + - 1 rn 
~ 
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Figur 4.4. Me co rn methane oxidation (MOX) dynamic . 
Rat fM X r quanti fi d t d 7 f th 'P ri rn nt a d tai.! d b l 
dark in ub ti n f i 1 in th 1 at n ar am i nt lak t mp ratur 
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fi· ma 
+ . 11 2 2 - 5. 6 + 25 .4 r 2= 1 quar : y = -
+ 124. 4 r = .99 g Id triangl : y = -
7 + .1 x2 - 7.5 + 27.41r .1 NP gra triangl 
+ 622 2 - 3.8812 + 26 .38, r = .99. 
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4.7.2 uppl rn ntar 
Tabl 4.1. E timate f z plankton H4 rel a in ambient encl ure . 
rn 
ln 
z 
fz plankt n H fr m th ur u ing min- and 
1mum f indi idu m1 n r t 4 and 2 nm 1 H indi idu r1 - t pr nt d 
Ang li nd mbin d with ur mpiri al d t rmin ti n f 
plankt n bi rn in th 
z plan t n 
7 
2 
lad 
7 
2 
7 
28 
D 
7 
2 
ran 
bi lu111 
( ind . 111-
70 
257 
2 7 
Il 
514 
2 
247 
214 
td. n· r 
. d -3) Ill . 111 (11111 
.1 .2 1.4 
5. 1 
.4 .7 4.7 
.4 .4 2.4 
.6 1.5 
.1 1.5 10. 
.1 4. 
.7 
1. 4.3 
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Table 4.2. Ma balance timate of methan gene i in ambient enclo ure . 
JI t rm in unü f mm ur _, d-1• n mpJ Dr H idati n wa 
an 1 z d .d . w n t al ulat d. 
.12 2 
.1 n.a. 
H 4 016 1 
H4gros~ . 2 
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Table 4.3. Raw data and a embly method for open-water R,and 
chlorophyll a (chi a) meta-analy is. 
note si te/trea tment (chi a - ng ) 
, nge conc. me, n or mid~t . s.e.m. reeorted range n an or mid et. s.e.m 
t C-n ocosn 2730 913 250 222.1 33. 
1 1 314 
1 1 tO 
2245 22 1 
6 3 2 7 
460 32 14 1236 125 16.9 
1475 109 
1704 1 9 
2600 17 
42 11 206 
3 
5 6 9466 1722 317.8 54 1 
676 315 
30 2 2 
11 303 29 
157 530 
276 1 32 1 27 7 456 310.7 .0 
3375 493 
130 26 1 
105 11 266 
11322 2 
19 26 
729 1325 11 9 
.4 
2 Lac Bu ad 235 
2 Lac Buad 997 29 
2 Lac a id 3955 11 6 
2 Lac Pentecôte 575 Ill 
2 Lac rand otibi 844 
2 Lac Iron Am1 326 31 
2 Lac Lan tte 167 
2 La Walker 18 44 
2 Réservoir M2 138 1 207 
2 Lac Kénogami 2378 43 
Kénogami 1294 102 
2 LacA i re 5 83 
2 Ré ervoir Menehek 67 1 31 
2 Lac A lbane! 1510 40 
2 Lac Albane! 1534 
2 Lac Mi ta sini 05 
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4 L 
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1 27 
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20 
20 
70 27 
26 
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2 
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30 
27 
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22 
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9 
50 
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51 
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64 
66 
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59 
5 
65 
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'n 
urement reponed forCH 4 and hl a 
3Mr ajium et al 1 7). range of ch i a from text , drgnized urfa e H., lue from figure 2 
4 hulzet al (200 1 entrai d ta, 1111dpomt of umn:nirne ch i a range m teX! , central urrun:nime H4 urfa e alue 
from figure 2, Narro\ d ta , drgitized surfa e alue from figure 7 
s ch mid et al (2 7) Diguized ummer medran urfa e alue from figure 2a 
6Fretz et al (2005) A erage chi a alue reponed in te\1 
7Watanabe et al 1 5 · urface meas urement of 1.-~ and chi a reponed in appendc 
K, ri et al (2 ) range of Ho~ and chi a reponed m table 1 
rrm et al. (20 10) chi a range reponed rn t e X! , ~ data dr •rtized fi m figure 3 
10 vens et al. 1 1) s urface rn:as uren nts of H.-~ and chi a drgitrzed from figure 3, s tn 9 
020 
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Ill 
lid t ur u 
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r rd d th 
p rim nt u pl m ntar 
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the r bu tne f chamb r flu and k 00 timat . 
m r m ur rn nt an ffi i nt 
h n t 1. d 
tran fi r dditi n Il 
h ng r m nami parti ul ·1 m 
r t graph V h n nd Pr iri 2 nd 
furth r rt inl th fi r ur mesocosm . 
h rn r f 
mg qu ti n 5 f 
± 1 .d. fl. + Ill - 1 
t ti n n ar th fi r th ur ti n f th 
ig. 4. dju t h i ht f 1 Ill ing 
qu ti n 5 f V h n t 1. 2 al ul ti Id d ind-
f k H = . rn d-1 and rang ±1 
r u d in ur cal ul ti n . th bt in d fr rn 
d kIl = + 
.52. w th n lud that hamb r-d ri d timat fi r k 11 pr id d 
f H flux fi rb th th ur and th l k . 
24 
Note 4.2. Quantificati n of potential H4 input fr rn zooplankt n. 
H r w ha timat d th p t ntial nt ri uti n f n t th 
d H4 In ur uppl rn 4.1 . 
li fi r 
Jn ll z plankt n pr nt in th i t 
th fa t th t n t ll z h b n fi und t nd 
4 . w 
Ir tim 
abl 4 .1 ut! in ti n. 
tim t d t b .2 mm 1 rn - d-1 and 
n z pl nkt n app ar t 
d pit th f; t th t w h 
< 1 % t thi pr du ti n, 
r tirn t d z pl nkt n mi i n r t fi r 
4· 
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N t 4. trap lati n of ur H4 mi ti mat t th er tm. 
, tr p ur lut m1 n fi r t 
r and ind 
fi r n gJ n wind 2 1 
mn t hi hlight th 1 rg n mi ur 
n .15 ran = 7 - .22 tnm Jm-2 d-l· ig. 1 
n th 1 i hl in rmany .12 - 5 mm 1m-2 
d-1 wh r i t d n d fr rn th gi 
1. 2 14 . th an a 
r rn Il d .4J.!M and 
rn an wind d ~2m -1 
than fr rn t d m1 n um a ~ i ki an diffu i flu rn dl 
th t n t unt fi r th n n- tan m1 H Pr iri 
and d 1 i rgi 2 1 . put thi int a g n r 1 nt qu ti n 5 
Pr iri rgi 2 1 t tim t th quantity f H th t mi r ubbl 
flu ul h di ti nal ~ .5 rang f ur 
mt ti rn fi r ambi 8 th int th t rn r 
w rk i n d d r fin at r H mJ in g n rai 
Pr iri and d 1 rgi 2 ntjutfr rn th n If nm nt. 
4.7.4 up 1 rn ntar M th d : timat f r -rn rn ran H4 fl u . 
2 
h p rrn ility f th rn rn linin influ fr rn th urr undin 
H -ri n ir nm nt mw Il !4 fi rM t ugu t in lu i 
rn an = rang = 451 - 1 2 )ltm ur mi d 1 y r in 
p nm nt ur nd p li d t ur m blan uppl rn nt r 
d thi w fir t tim t d rn rn ran p rm ability t H4 in th 
ti no 15-d in cu ati n p ri rn nt. 
In th 1 w f % H4 g t a 4 ri nm r fla fi li 
with di ti Il d t nt d k th quilibr ti n 
b tw n th ga d th w t r t a id wa h d 25 ml 0 ] Ma n 
rd th m m c rn wall rn t ri 1 and pp d th rn ith 
th ring ut n t th ubm rg d in th turtdwtrt 
pr nt ir influ int th J ln th nd th rn mbr n mat rial wa th nJ 
arri r b tw n th nrt h d w t r and th ut id n ir nm nt. In parall l t 
rr ct fi r h mi 1 1 mu th am H4-ri h wat r in ga tight 
a id w h d 25 ml in ub ti n b ttl th pr 
and pr nt th id ti n f ~' w ad d an 2- ca 
t th nri h d t r r . 11 ntain r r in ub t d 
und rwat r in an p n quarium th t w ntinu u ly bubbl d with ambi nt ir t 
n fr rn rn mbran -capp d jar . Jar w r pr nt th buildup f 
mpl with th am t chniqu and r ali th r H4 
25 1 
mpl M th d ti n r d tail h dail hang in partial pr ur f 
Lt in al d and rn mbran - nd th 1 r t 
r th nu dt bang patt rn ur Il . 
B fi r w c uld quantify n 1 rn fr rn th 
lak w timat d th 
flux 
ffi i nt fi r th m mbran mat ri al 
u ing th ar a and Jum f nt in r f H4 1 th 
rn mbr n whi h i th m mbran -c 1n(p H4] = -
0.0 4[in ubati n tim ] + 11.6 / adj. = .45 p = . 15 minu th r t f 1 
du H4 idati n in th a l d jar ln(p H ] = - . 02 [in ub ti n 
tim ] + 11. 87 r 2 adj. = .7 1 r th in ubati n th hang in H 
thr ugh tim .i gi nb quati n 4 .1 · 
V * dp H 4 1 dt = - kmemb * A * p H 4 4.1 
wh r kmemb th ga hang 
dp H4 1 dt i the n t dail rat 
rn uth and th lum f th .rn mbr ne 
ur rn mbran mat ri 1 
in p ~ A an V ar th ar a f th 
r d jar r p cti 1 and p H4 i th 
in p ~. Putting ali t rm 111 qu ti n l c ntaining 
p ~ n th 1 ft and tim n th right and int gr ting gi quati n 4.2 · 
p H 4L = p H 4LO * ("kmc;:b"A) . ( 4.2 
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[ ckme~b•A) C ff P nd t th 
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